Purpose. In uveal melanoma, both tumor size and an inflammatory phenotype have been shown to correlate with a poor clinical prognosis. The purpose of this study was to identify whether inflammatory cytokines were present in the vitreous of eyes with uveal melanoma and to determine whether the vitreal concentration of cytokines correlated with prognostic variables such as tumor dimensions and immune cell infiltrate. Methods. Vitreous was acquired from patients with uveal melanoma (n = 33) and from control eyes with no known ocular conditions (n = 9), and analyzed using a 27-plex cytokine bead array. Immunofluorescence testing was performed to determine the presence of macrophages, CD4 + , CD8 + , and Foxp3 + regulatory T cells (T regs ).
Introduction
Uveal melanoma is the most common malignant primary intraocular tumor in adults and has a yearly incidence between 4.3 and 10.9 cases per million. [1] [2] [3] The tumor is derived from melanocytes in the uveal tract, consisting of the choroid, ciliary body, and iris. Treatments for uveal melanoma include enucleation and different modalities of irradiation such as plaque radiotherapy, stereotactic radiotherapy, and proton beam treatment. 4, 5 However, despite the existence of these treatment modalities, up to 50% of patients develop metastatic disease, leading to death in an average of 8 to 10 months. Therefore, with the finding that uveal melanomas contain many immune cells, [6] [7] [8] [9] immunotherapy may prove to be a useful treatment option; thus, better characterization of the tumor environment and the related immune components is important.
A link between cancer and inflammation was described by Virchow in 1863 and since then, many studies have confirmed this connection between chronic inflammation and tumor progression. 10, 11 Chronic inflammation has been shown to enhance tumor growth, invasion, and spread. 11 However, what determines whether immune cells will be pro-or antitumorigenic remains poorly understood. Moreover, a solid, malignant tumor consists of myriad cells (tumor cells, immune cells, fibroblasts, and endothelial cells), all of which contribute ultimately to tumor growth or regression. The activity and interactions of these cells result in the release of different soluble factors that provide valuable crosstalk and may lead to the potential recruitment of other cells to the tumor site.
In models of other types of malignancies, including non-small cell lung cancer, gastric cancer, and cervical cancer, it has been demonstrated that chronic inflammation can be triggered by inflammatory mediators, including TNF-α, IL-6, and IL-17, all of which contribute to increased tumor growth and inhibition of antitumor activity. 12 Already antibodies against soluble mediators, such as bevacizumab (directed against vascular endothelial growth factor [VEGF]) or antibodies that compete with a soluble mediator, such as cetuximab (directed against epidermal growth factor receptor), are being used clinically as a therapy against cancer. Thus, characterizing these soluble mediators in the context of uveal melanoma represents an important goal in both developing a better understanding of this condition and a potential treatment.
Several studies have evaluated the presence of cytokines in the anterior chamber and have demonstrated elevated concentrations of cytokines in the aqueous of eyes with uveal melanoma, 13 which do not seem to be predictive for survival. 14, 15 However, a majority of uveal melanomas arise in the choroid and are bathed by the vitreous of the posterior eye. Moreover, in contrast to aqueous humor, which is constantly being replaced and replenished by the ciliary body, the vitreous is more stagnant and, thus, may better represent the chronic state of the eye. Interestingly, another study recently also evaluated cytokines in the vitreous of eyes with uveal melanoma, demonstrating elevations in several cytokines that generally correlated with levels in aqueous humor and tumor size. 15 Our study aimed at further evaluating if cytokines are indeed elevated in eyes with uveal melanoma; in addition to evaluating correlations between tumor dimensions and cytokine levels, we have examined whether there is a relationship between the presence of immune cell infiltrate in the tumor and cytokine concentrations in the vitreous.
Materials and Methods

Patient/Control Eyes
Vitreous was obtained from 33 eyes with uveal melanoma and 9 eyes with no known ocular conditions (controls). None of the eyes with uveal melanoma received treatment prior to enucleation. The eyes with uveal melanoma were acquired following enucleation between 1999 and 2004 and patient information/survival data were obtained from patient charts and updated to March 2012. Patients were informed about the potential use of their eyes for research purposes and signed informed consent forms prior to the enucleation. All procedures were performed according to guidelines agreed on by the Medical Ethics Committee at Leiden University Medical Center (Leiden, The Netherlands) and are consistent with principles established by the latest revision of the Declaration of Helsinki (World Medical Association Declaration of Helsinki; ethical principles for medical research involving human subjects). Immediately after enucleation of eyes with uveal melanoma, approximately 0.5 mL of vitreous was extracted. Control eyes were received from the Euro Tissue Bank (Beverwijk, The Netherlands) at 4°C and vitreous was extracted within 24 hours of the patient's demise. All samples of vitreous were stored at −80°C.
Pathologic Analysis of Tumors
Following retrieval of vitreous, eyes were fixed in 4% formaldehyde solution for 48 hours and embedded in paraffin. Sections (4 μm) were cut, stained with hematoxylin and eosin, and reviewed by a pathologist for confirmation of diagnosis and to determine tumor characteristics: largest basal diameter, tumor prominence, cell type, and intraocular localization, including involvement of the ciliary body as well as scleral invasion, were recorded.
Measurement of Cytokines and Chemokines in Vitreous
Samples of vitreous were thawed on ice and spun down at 10,000g for 5 minutes at 4°C. Vitreous was diluted 1:2 in 1% bovine serum albumin in phosphate-buffered saline (BSA/ PBS), so that the final concentration of BSA was 0.5% and 50 μL of the diluted sample was pipetted into 96-well plates. A 27-plex cytokine bead array (Bio-Plex Pro Human 
Fluorescent Immunostaining of Tumor-Infiltrating Leukocytes
Phenotypic characterization of leukocytes had been performed using fluorescent immunostaining, as described previously. 16, 17 Briefly, to visualize the subtypes of lymphocytes, deparaffinized and citrate antigen retrieval-treated 4-μm formalin-fixed sections were stained by a mixture of antibodies: CD3 (ab828; Abcam, Cambridge, UK), CD8 (4B11; Novocastra Antibodies/Leica Microsystems, Wetzlar, Germany), and the anti-Foxp3 antibody (clone 236A/E7; Abcam). 18 T helper cells were counted by identifying cells that were CD3
, a technique that has been described previously. 19 Macrophages in these tumors were identified using immunofluorescence staining with monoclonal antibodies directed against CD68 (clone 514H12; Abcam). Images were captured with a confocal laser scanning microscope (CLSM510; Carl Zeiss Meditec, Jena, Germany; with a PH2 Plan-NEOFluar ×25/0.80 Imm Korr objective; Carl Zeiss Meditec). Ten images were scanned per slide in high-power (×250) fields, and each scan represented one square optical field (area, 0.137 mm 2 ). Positive lymphocytes were enumerated in these randomly selected fields. The amount of macrophage staining was objectively determined in pixels per mm 2 by an image-analysis software program (Stacks; Department of Molecular Cell Biology, LUMC, Leiden, The Netherlands). Counts of intratumoral infiltrating leukocytes were represented per mm 2 .
Chromosome 3 Status
Analysis of chromosome 3 status (both standard cytogenetic analysis and fluorescence in situ hybridization on isolated nuclei) of this patient material was described previously by Maat et al.
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Statistics
The Shapiro-Wilk test was used to test the normality of the data; because the data were not normally distributed, nonparametric statistical analysis was performed. Spearman's rank correlation coefficient was used to analyze correlations between numerical data, whereas the Mann-Whitney test was used to compare cytokine levels between two groups. Statistics were performed using commercial statistic software programs (SPSS 17; SPSS, Inc., Chicago, IL; and GraphPad Prism5; GraphPad Software Inc., La Jolla, CA) and P < .05 was considered statistically significant.
Results
Cytokine Levels in Vitreous
Vitreous was collected from 33 eyes with uveal melanoma (Table 1 ) and 9 control eyes postenucleation. We first wanted to test whether the vitreous of eyes with uveal melanoma differs in the levels of proinflammatory cytokines from eyes without uveal melanoma. Of the 27 cytokines and chemokines screened, higher concentrations of IL-6 (P = 0.01), IL-8 (P = 0.004), IP-10 (P < 0.001), MCP-1 (P < 0.001), MIP-1α (P = 0.009), MIP-1β (P = 0.007), RANTES (P = .004), and TNF-α (P = 0.03) were observed in the vitreous of eyes with uveal melanoma when compared with that of the controls (Fig. 1, Table 2 ). In contrast, vitreous from eyes with uveal melanoma (UM) had lower concentrations of IL-1ra (P < 0.0001) compared with control vitreous (Fig. 1, Table 2 ). 
Deceased, n (%)
No significant difference was observed between VEGF levels in control versus tumor eyes. IL-2, IL-9, IL-17, and GM-CSF levels were below the detection threshold of the assay. A significant difference in age was observed between the group with UM and the control, 57.9 ± 2.63 (mean age ± SEM) and 72.2 ± 3.24, respectively. Linear regression analysis was performed to determine whether age, rather than the presence of tumor, contributed to the level of cytokine expression and no significant effect of age was demonstrated.
Cytokine Concentration and Tumor Prominence
Vitreous from tumor-bearing eyes generally had higher cytokine concentrations than that of control eyes; however, in the tumor-bearing group we included patients with a range of tumor sizes. Therefore, we also sought to compare within the uveal melanoma group whether tumor size correlated with cytokine levels. Interestingly, when we compared within the tumor group, we found additional cytokines that correlated with tumor size. The following cytokines positively correlated with increasing tumor prominence: IL-6 (P = 0.04), IL-8 (P = 0.02), IP-10 (P < 0.001), MIP-1α (P = 0.002), MIP-1β (P = 0.03), GCSF (P = 0.007), IFN-γ (P = 0.01), RANTES (P = 0.02), TNF-α (P = 0.048), and VEGF (P = 0.008) (Fig. 2) . No statistically significant negative correlations were observed between cytokine levels and tumor prominence. Both TNF-α (r = −0.418, P = 0.015) and MIP-1α (r = −0.369, P = 0.03) negatively correlated with largest basal diameter of the tumor; however, there were no statistically significant positive correlations between cytokine concentration and largest basal diameter. Also, no correlations between cytokine concentrations and tumor cell morphology (spindle, epithelioid, or mixed) or with chromosome 3 status were found (data not shown).
Correlations of Cytokine Concentrations with Immune Cell Infiltrate
Although the eye is an immune-privileged site, both macrophages and T cells have been found in uveal melanoma and the presence of a leukocytic infiltrate is associated with a poor clinical prognosis. [6] [7] [8] We hypothesized that tumors with more immune infiltrate would have higher concentrations of cytokines in the vitreous. We stained sections to determine the presence of macrophages, cytotoxic T cells, and regulatory T cells (T regs ) using antibodies for CD68, CD8, and Foxp3, respectively. The presence of CD4 + T helper cells was determined by identification of cells that were CD3 + CD8 − Foxp3 − . The total amount of positive staining was measured and for each marker, tumors were stratified into two groups based on whether the quantity of staining was above or below the median. Of the 27 cytokines and chemokines screened, IL-6 was the only cytokine that was significantly different between tumors with high CD68 and low CD68 staining and was significantly higher in tumors with greater CD68 staining (P = 0.03) (Fig. 3) . Both IP-10 (P = 0.03) and IL-6 (P = 0.02) concentrations were higher in tumors that contained greater Foxp3 + staining (Fig. 3, Table 3 ). There were no observed differences in cytokine concentrations between tumors with high versus low amounts of T helper or cytotoxic T-cell infiltrate. Furthermore, immune cell infiltrate did not correlate with tumor prominence. 
Factors Predictive of Vitreal IL-6 and IP-10 Concentrations
Because IL-6 was related to tumor prominence as well as the degree of infiltration by both macrophages and Foxp3 + cells, we performed binary logistic regression to determine which of these three factors was most predictive of IL-6 concentrations in the vitreous. We also used this statistical analysis to determine whether Foxp3 + infiltrate or prominence was more predictive of IP-10 levels in the vitreous since these two factors independently correlated with IP-10 concentrations. The presence of CD68 + cells in the tumor was more predictive of IL-6 levels than the prominence of Foxp3 + infiltrate. For IP-10, prominence was more predictive of vitreal levels than the amount of Foxp3 + infiltrate.
Clustering of Cytokines and Chemokines
We also performed hierarchical clustering analysis to ascertain which cytokines and chemokines grouped together in eyes with uveal melanoma. Cytokines such as IL-1b and IL-1ra or MIP-1α and MIP-1β cluster together in uveal melanoma, which is interesting because these are groups of cytokines that generally show correlations in other models as well. The dendrogram in Figure 4 highlights other clusters that we found in the vitreous of eyes with uveal melanoma. 
Predictive Value of Vitreal Cytokine Concentrations for Survival
Because tumor prominence and the presence of an inflammatory phenotype have both been linked to poor prognosis, we studied whether the concentration of cytokines or chemokines in the vitreous was related to the length of survival postenucleation. Patients were stratified into two groups based on whether the concentration of a cytokine was above or below the median and Kaplan-Meier curves were made. Statistically, only IL-13 affected survival with higher concentrations of IL-13 associated with greater survival. However, in our sample group, the levels of IL-13 fell within a narrow range of 0.14 to 6.49 pg/mL, with a median concentration of 0.85 pg/mL. No other cytokine significantly affected survival.
Discussion
The present analysis has demonstrated increases in vitreal concentrations of eight biomarkers (IL-6, IL-8, IP-10, MCP-1, MIP-1α, MIP-1β, TNF-α, and RANTES) in the vitreous of eyes with uveal melanoma compared with eyes without and makes the novel finding that vitreal concentrations of IL-1ra were decreased in tumor eyes compared with controls. Although Dunavoelgyi et al. 15 reported that in eyes with uveal melanoma, six cytokines correlate with tumor dimensions, we demonstrate that increasing tumor prominence correlates with elevations in IL-6, IL-8, IP-10, MIP-1α, MIP-1β, GCSF, IFN-γ, RANTES, TNF-α, and VEGF. The present study also demonstrates a relationship between immune cell infiltrate and cytokine levels. Elevations in IL-6 and IP-10 correlated with increased T reg infiltration and IL-6 alone positively correlated with increased macrophage infiltration of the tumor. Finally, despite increases in inflammatory cytokines in eyes with uveal melanoma, only IL-13 levels predicted survival statistically.
IL-6 appears to play a significant role in uveal melanoma; in our study, elevations in this cytokine correlated with both increased tumor prominence and the presence of both macrophage and T reg infiltration of the tumor. Elevations in vitreal concentrations of IL-6 in uveal melanoma were also observed in another study; 15 however, the correlation between IL-6 and immune infiltrate represents a new finding worthy of further discussion. One in vitro study demonstrated that conditioned media from both uveal melanoma and monocyte cell lines that do not independently produce IL-6 could trigger IL-6 production by the other cell line. 21 This study suggests IL-6 may play a critical role in the crosstalk between uveal melanoma cells and macrophages; however, the factor responsible for triggering these cells to produce IL-6 remains unknown.
The finding that increased IL-6 levels correlate with increased T reg infiltration of the tumor requires further investigation into the specific pathways responsible for this phenomenon. IL-6 has been shown to inhibit T-cell differentiation into T regs . 22 Thus, it may appear contradictory that there would be a positive correlation between the two. One hypothesis is that the increased IL-6 may be a host response to tumor growth, released to inhibit differentiation of T cells into T regs with immunosuppressive properties. However, Eikawa et al. 23 demonstrated that tumor cell lines, including one melanoma cell line, that produce IL-6 induce marked migration of T regs . Moreover, other studies have demonstrated that IL-6, under certain inflammatory conditions in vivo, can trigger Foxp3 + T-cell induction. 24 These studies support an alternative hypothesis that elevated IL-6 production by the tumor may lead to increased T reg migration to the tumor environment. We also observed that elevations in vitreal concentrations of IP-10 correlated with increased T reg infiltration of the tumor. In other models of inflammatory conditions, including atherosclerosis and sarcoidosis, IP-10 secretion recruits T regs to affected organs and increases the activity of these cells. 25, 26 In our findings, IL-1ra was significantly decreased in the vitreous of uveal melanoma patients when compared with controls. This suggests a protective role for IL-1ra and decreased levels may be associated with tumor progression. IL-1ra has been more thoroughly explored in other tumors 27 and pathologies wherein it has been demonstrated to block IL-1 signaling. In rheumatoid arthritis, synovial fluid has elevated levels of IL-1 thought to be involved in joint destruction and neovascularization; 28, 29 therefore, recombinant IL-1ra has been approved for treatment of this condition in both the United States and Europe. In lung and melanoma cancer models, IL-1 has been shown to be required for tumor invasiveness and angiogenesis. 27 It is hypothesized that IL-1ra may act by inhibition of inflammation and neovascularization; thus, these properties may also be of use against tumors. In cutaneous melanoma, IL-1ra has been shown in vivo to decrease growth and metastatic spread of tumor. 30 Few studies have examined the role of IL-1ra in uveal melanoma and, interestingly, the role of IL-1 is controversial, with studies demonstrating both antitumor 31 and protumor effects. 32 One study in a murine model demonstrated that inhibition of IL-1 with IL-1ra not only decreased uveal melanoma tumor growth, but also modulated both immune response and tumor stroma. 32 In our study, it can also be speculated that, since IL-1 levels were not significantly affected despite changes in IL-1ra, IL-1ra may have a function distinct from the effects it mediates through IL-1. Our findings support the idea that exploration of IL-1ra for the treatment of uveal melanoma may be of great value.
Recent therapeutic strategies targeted at inhibition of uveal melanoma growth include the use of anti-VEGF. Interestingly, whereas some studies have shown an increase in VEGF concentration in the aqueous or vitreous of eyes with uveal melanoma when compared with controls, 14, 33 others have found no significant difference. 13 In our study, similarly to that published by Lee et al., 13 who examined VEGF in aqueous, we found VEGF was generally more highly expressed in eyes with uveal melanoma than those without. However, in both studies, this observation was not statistically significant. In our study, only 57% of vitreous from tumor eyes had detectable VEGF; those eyes with measurable VEGF did have high concentrations of it. A previous study by our laboratory demonstrated that VEGF concentrations are elevated in eyes with uveal melanoma if there is serous retinal detachment 34 ; thus, this variable may explain the discrepancies between these various studies on VEGF levels in ocular fluids.
In uveal melanoma, monosomy 3 is associated with an inflammatory phenotype of the tumor 35, 36 and poor clinical prognosis. 37, 38 We did not find an association between monosomy 3 and elevations in inflammatory cytokines. This may be due to our sample size or the fact that in uveal melanoma, tumor size also significantly affects prognosis. 39, 40 In addition, we found no relationship between tumor prominence and degree of immune infiltration. In uveal melanoma, greater tumor diameter or height is associated with increased mortality rates: 16% for small tumors (< 3 mm height and < 10 mm diameter), 32% for medium tumors (3-8 mm in height and < 15 mm diameter), and 53% for large tumors (> 8 mm in height and > 15 mm diameter). 39, 41 One study demonstrated that each millimeter increment of uveal melanoma growth was associated with a significant increase in metastatic potential, with tumors > 7 mm associated with more than a 40% chance of metastasis. 42 Our sample population is already skewed toward larger tumors (average prominence was 7.5 mm in our study) because smaller tumors generally do not require enucleation of the eye. The preselection of large tumors may also explain why we generally failed to see correlations between cytokine level and survival.
The one cytokine wherein increased vitreous concentrations statistically correlated with improved survival was IL-13; however, this cytokine was present in a narrow range. Although little is known regarding the role of IL-13 in uveal melanoma, several studies in other cancer models have proposed interesting roles for this cytokine in cancer therapy. IL-13, a member of the TH2 family of cytokines, with significant homology to IL-4, has been shown to exhibit certain anticancer effects independent of the IL-4 receptor. 43 Overexpression of the IL-13 receptor (IL-13R) has been demonstrated on many tumor cells from Kaposi's sarcoma, malignant glioma cells, renal cell carcinoma, and squamous cell carcinoma of the head and neck; interestingly, several of these tumors are sensitive to treatment with IL-13. [44] [45] [46] [47] Whether the IL-13R is present on uveal melanoma cells has yet to be determined. IL-13 is also interesting in that it is produced by NK cells and in animal models of uveal melanoma, the presence of NK cells reduces the potential formation of micrometastases. 48, 49 Therefore, we hypothesize that even slight increases in IL-13 concentration may increase NK cell activity and lead to decreased metastatic outcomes and greater survival.
In conclusion, myriad soluble factors are released in response to uveal melanoma growth. These factors not only may contribute directly to tumor progression but also may affect the immune response. Further characterization of the components responsible for increases in cytokines may lead to greater insight into the pathophysiology of this complex condition and may enable direct targeting of certain cells or mediators to inhibit tumor growth or enhance immune response.
